INTRODUCTION
Relapsing polychondritis is a relatively rare disorder characterized by prominent inflammation of cartilagenous structures. Though cartilage inflammation predominates, one may observe ocular and cardiac involvement as well This work was presented in part at the American Rheumatism Association meeting, Washington, D. C., January 1971. (1971. Arthritis Rheum. 14: 166.) Dr. Herman is a Post-Doctoral Fellow of the Arthritis Foundation.
Received for publication 1 August 1972 and in revised form 24 October 1972. as hematologic and serologic disturbances. There is little insight into etiologic or pathophysiologic factors operative in this disease. A pathologic similarity has been shown to exist between polychondritis and the experimental papain (1) and hypervitaminosis-A (2) induced depletion of cartilaginous matrix as well as the model of complement-dependent cartilage lysis in vitro, mediated by anti-cell membrane antibody (3, 4) . However, the inflammation with predominant round cell infiltration and degeneration of chondrocytes observed in polychondritis are conspicuous differences.
It is of interest that diseases such as rheumatoid arthritis, Sjdgren's syndrome, and lupus errthematosus in which immunologic events appear to play a significant role in the mediation of inflammation may coexist with polychondritis. However, other than an inconclusive report by Dolan, Lemmon, and Teitelbaum (5) , there has been no apparent attempt to incriminate such immunopathologic events in the pathogenesis of this disease.
In the present report, serial immunologic studies performed on three patients with polychondritis are presented in an attempt to define potential mechanisms operative in the causation and/or perpetuation of the cartilage inflammation observed.
METHODS Cartilage antigen preparation. Human cartilage antigens
were derived from two sources. The method of Malawista and Schubert (6) employing water extraction with high speed homogenization was utilized to secure crude proteoglycan (PG)' from human costal cartilage. Protein polysaccharide light (PP-L) and heavy (PP-H) derivatives were prepared as described by Gerber, Franklin, and Schubert (7) based upon differential centrifugation of PG.
Chondrocytes, asepticaly isolated from human articular cartilage by collagenase digestion (8) were maintained in monolayer culture employing Eagle's minimum essential medium 2 containing 20% fetal calf serum, l-glutamine, peni1Abbreviations used in this paper: ANA, antinuclear anti-cillin, streptomycin, and mycostatin. Subculturing was undertaken as necessary. Studies were performed upon intact chondrocytes, their mechanical homogenates and products of chondrocyte synthesis derived from ultrafiltration of growth media at time of biweekly change.
Cartilage antibody preparation. Anti-proteoglycan (anti-PG) antisera was obtained by hyperimmunizing rabbits to PG and PP-L, both of which had been pretreated with hyaluronidase' (9) and incorporated into complete Freund's adjuvant. Antisera was concentrated by 40% ammonium sulfate precipitation and repeatedly absorbed with lyophilized normal human serum and hyaluronidase. By immunoelectrophoresis, these antisera produced two lines on reaction with hyaluronidase treated PG and PP-L as has been reported previously (10) . When reacted by immunodiffusion with the chondrocyte culture media concentrate, a single line resulted indicating the ability of these cells to synthesize PG.
IDectection of anti-cartilage antibody. Several techniques were employed in an attempt to detect circulating antibody to cartilage constituents in serial serum specimens from the polychondritis patients. Immunodiffusion and tanned cell hemagglutination studies were performed employing hyaluronidase-treated and untreated cartilage antigen preparations (9) . Indirect immunofluorescent techniques were undertaken utilizing both fixed and viable chondrocytes as a source of antigen. Slides were read on a AO Fluorolume fluorescent microscope' using BG-12 and Corning no. 5113 exciter filters and an Eastman Kodak no. 15 barrier filter.'
On the assumption that circulating antibody to cartilage components might not be detectable because of specific in vivo binding to antigen, an attempt was made to demonstrate such antibody in vitro by means of its synthesis by peripheral blood lymphocytes, employing ["C] amino acid incorporation technics reported previously (11) . The 14C-protein synthesized de novo was chromatographically purified with DEAE and G-200 chromatography into specific immunoglobulin classes and this radio-labeled material utilized in three types of experiments: (a) Radio-immunodiffusion was performed in which labelled immunoglobulin and "cold" rabbit anti-human PG antibody were diffused against hyaluronidase treated PG and PP-L. Radiographic patterns were developed following 4 quently, in conjunction with a low grade temperature and malaise, episcleritis occurred followed shortly thereafter by pain and swelling of both ears with compromise of the canals due to collapse (Fig. 1 ). Audiograms demonstrated a mild high-toned hearing deficit bilaterally. Complete blood count, serum protein determinations, LE preparations, antinuclear antibody (ANA), rheumatoid factor as determined by latex fixation and sensitized sheep cell agglutination (SCAT) tests, serum complement, VDRL, uric acid, liver function studies, and urinalysis were unremarkable. X-rays of the joints were negative. Westergren sedimentation rates, haptoglobulin and orosomucoid levels were elevated and electrocardiogram demonstrated first degree heart block. A short trial of phenylbutazone failed to afford relief and the patient was maintained on salicylates. Daily low dose steroid was instituted in August 1969 but in ensuing months joint involvement became more widespread with arthralgias of several days duration predominating. In addition the hearing deficit continued to worsen and vertigo and a stenosing tenosynovitis in the region of the distal left forearm developed. A peripheral leukocytosis was noted in face of elevated levels of serum IgG and the C3 component of complement. Steroids were discontinued in early 1970 in face of clinical improvement though musculoskeletal and auricular distress continued to a lesser degree. In May 1970, an ischemic optic neuritis developed which was treated with high dosage corticosteroids but nevertheless blindness ensued in the right eye. In July 1970, the patient experienced a left middle cerebral thrombosis with residual right hemiparesis and an expressive aphasia. Subsequent treatment has consisted of steroids and azathioprine with resultant stability in his clinical status. elicited, AB positive serum being employed as supplement. In the ensuing 2 months, negative results were obtained upon stimulation with PG and PP-L, an autologous serum being employed as supplement. As an inhibitor substance impairing lymphocyte transformation upon exposure to specific antigen has been described in other autologous culture systems (17) (18) (19) (20) (21) (22) Control stimulation studies performed on 12 normal adults using a similar battery of cartilage antigens were consistently negative except for a single low grade positive response using the chondrocyte supernatant antigen (Table II) . A repeat study in this individual gave a negative result. Transformation to one or more cartilage antigens was noted however, in 9 of 12 of the rheumatoid patients. Response of 5 of 12 patients to PG was positive with a mean incorporation of 4.0 times control; 3 of 12 responded to PP-L, mean response of 6.6; 7 of significance of degradation products of cartilage as regards causation and perpetuation of rheumatoid joint inflammation will be published independently (23) .
DISCUSSION
The pathophysiologic basis underlying the development of the destructive cartilagenous changes observed in relapsing polychondritis is unknown. An explanation must be afforded for not only loss of metachromatic staining of matrix but its fragmentation in conjunction with chondrocyte dissolution, mononuclear cell infiltration and consequent fibrosis.
Involvement of a proteolytic process is inferred by experimental studies. The capacity of lysosomal enzymes to degrade the proteoglycans of cartilage matrix has been shown in in vitro studies by Ziff, Gribetz, and Lospalluto (24) and Weissman and Spillberg (25) . The intravenous injection of crude papain (2) and the experimental production of a state of hypervitaminosis A (3) have also induced a transient dissolution of cartilagenous matrix secondary to loss of glycosaminoglycans. Associated irreparable chondrolysis has been produced by Lack (26) Though cartilage has been regarded as an immunologically "privileged" tissue due to its lack of vascularity (29, 30) , it is tempting to incriminate immunologic events in the pathogenesis of polychondritis. If the components of cartilage matrix are enzymatically degraded thereby allowing exposure of chondrocytes, transplantation immunity is capable of being engendered with eventual chondrolysis (31) . Furthermore, the proteoglycan component of cartilage matrix has been shown to be antigenic (9, 10, 32) , the antigenicity appearing to reside at the site of union of the glycosaminoglycan and protein moieties. Chondroitin sulfate alone is not antigenic. In a study by Glvnn and Holborow (33) , how- Several lines of evidence suggest possible immunologic mechanisms operative in relapsing polychondritis. This disease not infrequently co-exists with connective tissue disorders such as rheumatoid arthritis, systemic lupus erythematosus and Sjogren's syndrome in which immunologic events are of acknowledged significance in pathogenesis (5). Patient A. K. in our series, appears to be the first documented association with polyarteritis nodosa. The speculations of Christian (39) are intriguing relative to defining an immunologically directed insult against proteoglycans which function as a shared connective tissue constituent common to cartilage, eye, and aorta, all of which may be involved in this disease process. The integrity of cartilage is dependent upon the preservation of its matrix making this structure more vulnerable than the others to damage. It is of interest that cross-reactivity has been shown to exist between streptococcal hyaluronate and a crude proteoglycan preparation of human cartilage (40) . The frequency of an antedated or enhanced incidence of streptococcal infections in the polychondritis population has not been evaluated. Dolan, Lemmon, and Teitelbaum (5) (17) (18) (19) (20) (21) (22) . The periodic positive responses observed with chondrocyte homogenate or products of synthesis in face of negative stimulation to PG and PP-L might reflect either a quantitative antigenic phenomenon or the presence of chondrocyte constituents of antigenic composition other than the mature proteoglycan matrix. No attempt has been made to identify the components of either the chondrocyte homogenate or its synthetic products other than detection of an antigenic constituent reactive by Ouchterlony with absorbed anti-PG antisera. The situation presented in which lack of antigen stimulated response during disease remission and the appearance of such a response during exacerbation is distinctly unusual. There are, however, few reported instances in which serial investigations of delayed hypersensitivity have been reported in human disease. It is conceivable that during period of remission, as a consequence of cessation of further exposure to antigen, that specifically sensitized thymus derived lymphocytes may be at a minimum. An analogous situation may be found in experimental literature in studies of transfer of delayed hypersensitivity to a haptenic constituent in guinea pigs (41) . Such a cellular transfer could not be achieved beyond 84 days post initial immunization but could be accomplished a short interval after boosting of the donor animal.
Though unable to identify antibody to cartilage components, lymphocyte sensitization to such antigens appears to be present in relapsing polychondritis as well as in patients with seropositive rheumatoid arthritis having radiographic evidence of destructive joint changes.
This would support the hypothesis that immune mechanisms may be involved in the pathogenesis of polychondritis. It would appear unlikely that such a mechanism would function in a provocative, causal manner but could be a basis for the perpetuation of cartilage inflammation once its integrity has been altered.
